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Abstract

Glioblastoma is the most frequent and aggressive primary malignant brain tumor in adults. It is considered
a fatal disease, and the average survival time is approximately 12 to 18 months.

Objectives: Evaluate risk factors and the survival time in patients diagnosed with glioblastoma.

Materials and methods: A retrospective study was performed at a neurosurgery reference hospital in
Belo Horizonte, MG, Brazil observing patients who underwent glioblastoma surgery. From the electronic
medical records were collected the sociodemographic data, Karnofsky Performance Status (KPS), tumor
location and volume. Surgical specimens were evaluated according to protein expression using the Ki-67
index and the date of death was evaluated in the Mortality Information System.

Results: The sample consisted of 25 patients, most were male (52%) and 40% were older than 65 years;
76% of patients had a KPS index>80. The tumor location was predominantly frontal and temporal. Longer
mean survival observed among males, patients <65 years, Ki-67 index up to 20%, KPS > 80 and frontal
tumor location. A reduction in the risk of dying was observed in patients with a KPS > 80. Patients who
survived less than 12 months had a higher median Ki-67 index.

Conclusion: No statistically significant differences were found in the survival curves comparing a Ki-67
index up to 20 and Ki-67 index > 20 or the stratified Ki-67 index, however, higher risk of dying in older
patients with a Ki-67 index > 20.
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Introduction

Glioblastoma (GB), also called high-grade glioma or grade IV glioma, is the most
common and aggressive primary malignant brain tumor of the Central Nervous System
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(CNS) and is more frequent in patients older than 65 years [1-7].
Glioblastoma currently accounts for 12-15% of all intracranial
tumors and represents more than 50% of all glial tumors [1,3-5,8].
Glioblastomas /grade IV gliomas represents 60-70% of all gliomas
diagnosed, with an incidence rate of 3.2 to 5.3 per 100.000 people
[8,9]. The highest incidence rates are found in European countries.
In Brazil, in 2015, there were 4,718 deaths from GB, and 4,315
deaths in women [10]. In general, these tumors are often difficult to
cure surgically and may also have some resistance to radiation and
chemotherapy [11,12].

Despite the recommended multimodal treatment, including
surgery, radiotherapy, and chemotherapy the average survival
time varies between 12 and 18 months after the initial diagnosis
[2,5,13,14]. Although survival rates have increased since 2005,
before the landmark trial of radiotherapy plus concomitant and
adjuvant temozolamide, they still remain significantly limited,
with reported 2-year survival of 20% and only 3% at 5 years
[5]. Many factors may influence the survival of these patients.
These include tumor location, age, extent of surgical resection,
Karnofsky Performance Scale (KPS) score, methylation state of 0-6-
methylguanine-DNA methyltransferase, progression free survival,
potentially neutrophil-to-lymphocyte ratios and IDH mutation
status [7,13,15,16]. Furthermore, certain genetic abnormalities
and the probability of the presence of other tumor markers may be
correlated with greater aggressiveness [17].

Due to the heterogeneity of the nature of GB and as an attempt
to individualize treatment strategies, several tumor markers
have been used and have been shown to be directly related to the
prognosis of these patients [11].

The Ki-67 protein is a cellular marker associated with ribosomal
RNA transcription (rRNA) and therefore cell proliferation. It can be
detected during all active phases of the cell cycle (G1, S, G2 and M
phase) and is not detected in quiescent cells (GO) or in the initial
stage of G1 phase [18]. It has been used to assess the proliferative
activity of several tumors, including those of the CNS [19-21] and
it has been suggested as a tool to estimate the growth fraction of
any human cell population [22]. Ki-67 antigen positivity may reflect
the ability of the cell to continue proliferating after tumor resection,
and as mentioned, has been considered a reliable indicator for
the activity of tumor cell proliferation and it is associated with
histological grade in gliomas [23]. Moreover, Ki-67 antigen positivity
has been shown to be correlated with patient survival, in addition
to being a tool for estimating tumor class malignancy and patient
prognosis [24,25]. The objective of this study was to evaluate the
factors associated with survival in patients diagnosed with GB who
underwent surgery and standardized treatment and potentially
verify the association between the Ki-67 index and survival.

Material and Methods

This pilot study involved a retrospective cohort of patients
diagnosed with grade IV gliomas (glioblastomas) who underwent
surgery at a neurosurgery reference hospital in Belo Horizonte,
Minas Gerais, Brazil, between January 2008 and December

2014. The selection of the period is related to survival follow-up
that could extrapolate up to 5 years (December 2019). Patients
were selected with a diagnosis of grade IV gliomas confirmed
by histological analysis who underwent surgery involving total
or subtotal resection (greater than 90% of excision of the total
tumor mass) with the same combined radiotherapy and standard
oral chemotherapy (temozolomide), a standardized protocol of
the European Association for Neuro-Oncology [26]. The dosage
of fractional RT used was 60Gy in fractions of 1.8-2.0Gy given on
weekdays for six weeks (about 30 sessions) with concomitant
oral Temozolomide (TMZ) capsules, administered at 75mg/m? per
day during this period, followed by 12 months of adjuvant TMZ
administered on days one to five of each 28-day cycle [26].

Patients who were only subjected to tumor biopsy or partial
tumor resection (< 90% of the initial tumor volume) and those
with tumor recurrence, tumoral progression, prior neurosurgical
treatment and with alternative oncological treatment were
excluded in order to have a more homogeneous patient population.

Electronic data were collected from the medical records
including sociodemographic data (age, gender, mother’s name,
municipality and state of residence), date of surgery (date of
diagnosis), degree of tumor resection (total, subtotal, partial, or
biopsy) and evaluation of the degree of functional impairment.
KPS) is routinely measured in this hospital in oncology patients
and was used to assess the degree of functional impairment in the
final cohort of patients. KPS is related to independence regarding
self-care, the ability to perform daily activities and active work, and
the need for assistance, and ranges from 0 to 100. Values between
80 and 100 indicate that patients are functionally normal, able to
perform normal activities and work and do not require assistance,
while values between 50 and 70 indicate that patients are incapable
of work but are able to live at home and perform their daily activities
with varying amounts of need for assistance [27]. The study had no
need for informed consent, as it was carried out by retrospective
analysis of electronic files, preserving patients’ confidentiality.

The location of the tumor in the brain and its laterality were
determined by imaging (magnetic resonance) examinations that
were routinely performed preoperatively, and these data were
obtained from the electronic records of the radiology department
of the hospital. The tumor mass volume was calculated using the
ABC/2 formula proposed to calculate the volume of intracerebral
hemorrhage. The technique is derived from an approximation
according to the formula for ellipsoids in which A is the largest
hemorrhage diameter, B is 90° from the diameter of A and C is
the approximate number of Computed Tomography (CT) sections
with hemorrhage multiplied by the thickness of the cuts, which is a
standard measure in neurosurgical practice [28]. The formula was
used to estimate tumor volume in an analogous manner considering
the anteroposterior, medial-lateral and cranial-caudal intervals and
magnetic resonance imaging was performed routinely in the pre
and postoperative period in order to estimate the degree of tumor
resection.
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The immunohistochemical evaluation of the surgical specimens
was performed at the reference hospital’s pathological anatomy
service, and only conclusive analyses were considered, according
to the quality of analysis and sample representativeness. Surgical
specimens were evaluated according to protein expression using
Ki-67 index. Evaluation of the Ki-67 protein was performed with the
immunohistochemical technique of streptavidin-biotin-peroxidase,
followed by the quantitative analysis of positive elements by manual
counting, as a standard measurement [29]. Evaluation of other
molecular markers, such as IDH1 or MGMT promotor methylation
status test were not included in the study because there was no
way to standardize the entire sample for analysis. These tests were
only undertaken in specific cases due to the difficulty in covering
treatment costs by health insurers.

Death dates were obtained from the Mortality Information
System (Sistema de Informag¢do de Mortalidade - SIM) based on
the variables (name, age, gender, mother’s name, municipality and
state of residence) [30]. Survival time was determined by the time
that had elapsed between the date of surgery and the date of death,
or last follow-up date in case of survival at the end of the study
period. Patient’s ages were recorded as younger patients with
higher performance scores do appear to have longer survival rates
[31], with age significantly associated with survival after diagnosis
for all gliomas, but the effect is more pronounced in GBM. Patients
were classified according to the following demographic and
clinical characteristics: gender, age (< 65 years, 65 years or more),
residence (in the capital or outside the state capital), Ki-67 index
(up to 20% or > 20%), localization in the brain (frontal, occipital,
parietal, or temporal), tumor volume (in cm?®), KPS status (up to 80
or > 80), and percentage mortality in line with previous studies.

Qualitative variables are expressed as absolute and relative
frequencies. Quantitative variables, after being subjected to
Shapiro-Wilk’s normality test, are expressed as the mean *
Standard Deviation (SD), in the case of normality, and the median
+ interquartile range otherwise. Comparison of quantitative
variables between two groups was performed using the Wilcoxon
Mann-Whitney test for independent samples. The survival time
until death was evaluated with Kaplan-Meier curves using the log-
rank test for group comparisons. A multivariate Cox model was
constructed, and the results are presented as the Hazard Ratio (HR)
and respective confidence interval. The quality of fit was assessed
using the Wald test and the risk proportionality assumption using
Schoenfeld residuals. The analyses were performed in the free
program R version 3.5.1 and were considered significantat p < 0.05.

Result

In the study period, a total of 118 patients with grade IV
gliomas / GB, confirmed by histological analysis, underwent
surgical treatment at the hospital and underwent the same
combined radiotherapy and standard oral chemotherapy. From
these, were performed a total of 81 partial resections/biopsies
(first group) and 37 total or subtotal resections were performed
(second group). As mentioned, we initially selected for the analysis
only 37 patients who underwent total or subtotal resection (at least

90% resection of the initial tumor volume), from the second group;
of these 37 patients, 10 patients were subsequently excluded who
had undergone previous neurosurgery and 2 were excluded due to
tumor recurrence. This left finally 25 patients for the study who had
surgical conditions of wide excision.

The final sample of 25 patients consisted of 13 male patients
(52%) and 12 female patients (48%), with 40% 65 years of age or
older (mean age: 60.8+13.6 years). The average survival time was 9
months. The majority of the individuals resided in Belo Horizonte/
MG (64%). The median tumor volume was 24.2 + 28.5. The tumor
location was predominantly frontal and temporal (32% for both),
followed by parietal (20%). The majority of patients had a KPS
status > 80 (76%). Eighty-eight percent of patients died (Table 1).
Regarding the evaluation of the protein expression in the surgical
specimens, 68% had a Ki-67 index > 20% (median 26.4+20).

Table 1: Demographic and clinical characteristics of the
sample.

Characteristics ‘ Statistics
Demographic
Sex M 13 (52%)
Age* 60.8+13.6
<65 years 15 (60%)
65 years or older 10 (40%)
Municipality
Capital city of Minas Gerais 16 (64%)
Interior of Minas Gerais 09 (36%)
Clinics
P53
Negative 11 (44%)
Positive 14 (56%)
Ki-67 Index (%)** 26.4%20
Up to 20 08 (32%)
>20 17 (68%)
Location CNS
Frontal 08 (32%)
Occipital 04 (16%)
Parietal 05 (20%)
Temporal 08 (32%)
Volume (cm3)** 24.2+28.5
KPS** 100+10
Up to 80 06 (24%)
>80 19 (76%)
Death 22 (88%)

*Data presented as mean+*SD; **Data presented as
median*DI; CNS: Central Nervous System, KPS: Karnofsky

Performance Scale.

Considering death as an event of interest, the estimate of
survival was stratified by gender (a), age (b), tumor location (c),
KPS status (d) and Ki-67 index (e). The estimate was obtained
using the Kaplan-Meier estimator. Patients aged < 65 years with a
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KPS > 80 had significantly prolonged survival (p = 0.009 and p =
0.001, respectively, log-rank test). Regarding the Ki-67 index, better
survival was observed with a Ki-67 index up to 20%; however, the

difference was not statistically significant (p = 0.06) (Figure 1).
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When the Ki-67 index was stratified (up to 20, 20-25, 26-30 and
>30), no statistically significant differences were observed with
respect to survival (p = 0.300).
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Figure 1: Kaplan-Meier curves according to (a), sex, (b)age, (c) location, (d) Karnofsky, (e) Ki-67 and (f) p53. The
p-values refer to the Log-Rank test.

The median survival time obtained by the Kaplan-Meier
estimator showed higher averages for males (19 months), patients
< 65 years (22 months), those with a Ki-67 index up to 20% (30
months), those with a KPS > 80 (16 months) and those with tumors
in a frontal location (25.5 months) followed by those with tumors
in an occipital location (21.5 months) (Table 2). The results of the
multiple analysis using the Cox model showed that in relation to the
age variable, patients 65 years of age or older had a risk of dying
(HR) that was 10.395 times higher than that of those aged less than
65 years (p < 0.001). For the Ki-67 index, the risk of dying (HR) was
8.346 times higher in patients with values greater than 20 than in
those with values up to 20 (p < 0.001). For the KPS status, patients

with a KPS status > 80 had a reduced risk of dying (HR) of 0.041
compared with those with a KPS status up to 80; thus, KPS status
was considered a protective factor (p = 0.002) (Table 3). Wald test
(p<0.001), R? = 0.718. There was no breach of the proportional
risks assumption, for the evaluation of schoenfeld residuals. KPS:
karnofsky Performance Scale. Figure 2 compares the median
survival of patients with a Ki-67 index (%) in patients who survived
less than 12 months with those who survived more than 12 months.
Patients who survived less than 12 months had a higher median
Ki-67 index than those who survived more than 12 months (p =
0.007).
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Table 2: Median survival time obtained by the Kaplan-
Meier estimator according to characteristics.

Characteristics Median Survival Time (months)
Sex
F 7.5
M 19
Age
<65 years 22
65 years or older 6
P53
Negative 22
Positive 9
Ki-67 Index (%)**
Up to 20 30
> 20 7
Location CNS
Frontal 25.5
Occipital 21.5
Parietal 10
Temporal 8
KPS
Up to 80 6
>80 16
Table 3: Cox model for the survival time until death.
Variables HR IC95% RH p-value
Age
<65 - -
65 years or 10.395 (2.758; 39.176) <0.001
older
KPS
Up to 80 - -
>80 0.041 (0.008; 0.211) <0.001
Ki-67
Upto 20 - -
>20 8.364 (2.202; 31.778) 0.002
g : Median=35% Madian=20%
g
g%
'g
g |
8 | f
o | $=0.007
>12 manths <=12 menihs

Figure 2: Boxplot values of Ki-67 (%) according to
survival time. The p-value refers to the Wilcoxon Mann-
Whitney test for independent samples.

Discussion

The multivariate analysis model showed a higher risk of
dying in older patients with a Ki-67 index > 20. This effect of age
on survival in patients with GB has been seen in other studies [2-
4,8]. Overall, younger patients with a good initial KPS assessment
had longer survival times in our study, similar to other studies
[32-34]. Patient age and KPS score are now widely recognized as
prognostic factors, and younger patients with higher performance
scores have longer survival rates [7,31]. Age is also significantly
associated with survival after diagnosis for all gliomas, but the
effect is more pronounced in GB [31]. Pan et al. [34] in a cohort
of 14,675 adult patients with GB also found better survival times
in younger patients. Similarly, Lacroix et al. [32] when evaluating
416 patients with GB observed greater survival in younger patients
with a preoperative KPS score > 80, with Abdullah et al. [33] also
showing improved survival in patients with higher KPS scores.

The present study investigated the association of the Ki-67
index with the survival of patients with grade IV gliomas, also
called glioblastoma. Considering 20% as the cutoff point for the
Ki-67 index, in this study, the difference in the survival curves
was not statistically significant; however, patients who survived
less than 12 months had a higher median Ki-67 index, and the
multivariate analysis model showed a higher risk of dying in older
patients with a Ki-67 index > 20. Miconi et al. [35] showed that
positive tumor stem cells have been associated with an increased
Ki-67 index, directly related to worse survival. However, there
seems to be conflicting evidence about the association between the
Ki-67 index and overall survival in GB [36], There are continuing
debates in the literature regarding its use as a prognostic factor in
patients with gliomas. The mechanism underlying the effect of Ki-
67 index protein expression on tumor progression and prognosis
remains uncertain [22]. Low or high levels of Ki-67 expression are
directly associated with grade II-1II or IV gliomas; consequently, Ki-
67 expression might be considered a prognostic factor in patients
with grade II-1II gliomas [37], but its use as a prognostic indicator
for patients with glioblastoma remains unclear [38]. Nevertheless,
several studies have shown that the evaluation of markers of cell
proliferation, such as Ki-67 index, are considered useful to predict
survival [25,36,39].

A study conducted in China evaluated the prognostic value of
Ki-67 index expression in 156 Chinese patients with GB and found
that Ki-67 index was an independent prognostic indicator. Survival
analysis of Ki-67 index overexpression revealed an association
with worse clinical outcome (progression-free survival (p = 0.010)
and overall survival (p = 0.007) [40]. Other studies have also
concluded that the greater Ki-67 index, the greater the survival,
including a study conducted in Vienna in 114 patients with GB
between 1995 and 1999, which considered cutoff points of the
Ki-67 index <27% or > 27 [41]. A study conducted in Sidney from
2002 to 2012 involving 71 patients with GB also showed that there
was a statistically significant correlation between the Ki-67 index
and overall survival. In patients with a Ki-67 index > 22%, 5-year
survival was approximately 30% compared with 5% in patients
with a Ki-67 index <22% [36].
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Stopschinski et al. [11] found that the co expression and
proportion of CD133-positive cells and Ki-67 index in vivo were
correlated with a worse prognosis and observed a consistent
correlation between CD133/Ki-67 index co expression and the
generation of tumor stem cells with an important impact on
survival. Thotakura et al. [25] described the association of a higher
Ki-67 index in primary astrocytomas according to the progression
of the degree of classification between grade I (mean = 3.36+4.59)
up to grade IV (mean = 38.7£7.19) [25]. Cell wall alterations were
also observed on an electron microscope analysis of GB tumor
cells using the Ki-67 index, and it is considered an important
prognostic marker in human astrocytomas. Sarkisian et al. [39]
observed the presence of primary cilia, organelles that can facilitate
tumor proliferation, migration, and survival of these cancer cells,
suggesting that the Ki-67 index may be related to both the presence
of replicating tumor stem cells and cell wall changes.

On the other hand, a study that evaluated 75 patients with GB
in Russia did not reveal a statistically significant association of the
Ki-67 index, classified as high or low expression, with the prognosis
of the disease. Even for Ki-67 index, they verified low prognostic
value of this molecular marker in patients with high-grade GB, or
glioblastoma grade IV [38]. A meta-analysis of 51 studies involving a
total of 4,307 patients sought to clarify the impact of the Ki-67 index
on the survival of patients with any grade glioma and evaluated the
clinical characteristics, overall and progression-free survival, and
Ki-67 expression at different times. The results showed that the
overexpression of Ki-67 index was able to predict worse overall
and progression-free survival in patients with gliomas (p = 0.000)
regardless of the region, type of pathology, and statistical method.
However, only 23 studies included patients with GB, and of these,
ten studies included patients with GB but there was considerable
cutoff variation for Ki-67 index (1.5% - 35%). Seven of these studies
demonstrated a statistically significant difference in the Ki-67 index
with progression-free survival, and no study showed a difference in
overall survival [22].

The limitation of this study was the reason to standardize
the samples considering only patients who underwent total or
subtotal resection (more than 90% of the excision) As a result, a
large number of patients treated at the hospital in the same study
follow-up period were excluded because they were only biopsied or
partially treated, or because they were recurrent tumors. Another
limitation was the lack of ability to analyze other molecular markers
including IDH1 or the MGMT promotor methylation status. Despite
these limitations, we believe our findings are robust adding to the
literature in this area to guide future management strategies. Recent
advances in glioblastoma research have showed relationship with
the silent information regulator proteins (Sirtuins, or SIRTs) and
initiation as well as in the progression of GB, signalizing emerging
treatment targets and maybe will provide novel prospective studies
in this field [42].

Conclusion

The present study investigated the association of the Ki-67 index
with the survival of patients with GB. Considering death as an event

of interest, the estimate of survival was stratified by gender, age,
tumor location, KPS status and Ki-67 index. The median survival
time showed higher averages for males, patients < 65 years, Ki-67
index up to 20%, KPS > 80 and with tumors in a frontal location.
The results of this study showed better survival for male patients
aged < 65 years with a KPS score > 80. However, no statistically
significant difference was found in the survival curves comparing a
Ki-67 index of up to 20 and a Ki-67 index > 20 and a stratified Ki-67
index (up to 20, 20-25, 26-30, and > 30), although a higher risk of
dying was found in older patients with a Ki-67 index > 20. Patients
who survived more than 12 months had alower median Ki-67 index.
Overall, these findings contribute to strengthening the evidence for
the use of the Ki-67 index as a prognostic tumor marker, which is an
affordable and low-cost method. However, more studies are needed
to define an ideal cutoff value for the Ki-67 index in patients with
GB. The progressive improvement of access to other molecular
markers will also aid better prognostic assessment of the disease in
the future to further improve patient management.

Ethical Approval

The study was approved by the Research Ethics Committee of
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